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(57) Abstract 

A catalyst composition for use in the polymerization of a conjugated diene or the copolymerization of a conjugated diene with an 
aromatic vinyl compound, which comprises (A) a metal locene-type complex of a rare earth metal compound (a samarium complex, etc.) and 
(B) an ionic compound comprising a non-coordinating anion and a non-coordinating cation (triphenylcarbonium 
tetrakis(pcntafluorophenyi)borate, etc.) and/or an aluminoxane. The catalyst is useful for producing a polymer which has a microstructure 
having a high cis-1,4 structure content and has a narrow molecular- weight distribution. 
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x.M&uzm&bxm&tj:'&m%:m^x^2>o mz, mm - mmm&mz&^x-m& 
mibzntc&'&v^^m&i&itmzEmx. m\,^>* 
%<(Dn-&Mm&m$i'mftgtixgfr 0 0yx.au -vtk, h/wk 

<-d&&. rxiz7*i;^>, -y vyu>m<Dm^mm:}i^xJim^}iziu<m^ 

t>tlXUZ> (End. Ing. Chem., 48, 784, 1956; 37-8198 ^^#flS) 0 

Itl^yX l,4^^^^<fcZJ®tLfcS^tSf4^^^<. #±^M 
ft-£^if§ I-III M©«^Jl<b^^^^^>m^^^W^-^^n. S 
±fettm&M&(Dffl&tt&Mzftibnz izter>tz (Makromol. Chem. Suppl, 4, 
61, 1981; J. Polym.Sci., Polym. Chem. Ed., 18, 3345, 1980; &mft%fliiffi 
2,848,964 -«§; Sci. Sinica., 2/3, 734, 1980; Rubber Chem. Technol., 58, 117, 
1985 &i:-£#HS) 0 Ztib^MimcD^X. *^>*£ kib^i®} t^m^ )l =: 
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#-r3;it#5tfg£*u ^^^©g^M&t LX-fT-lzjLM<b$tiT^2> 
(Macromolecules, 15, 230, 1982; Makromol. Chem., 94, 119, 1981 £#H£) 0 

(D t & o T & . ^ tc ^ ^ ^#14 ( ) - ( § 1 51 d 

rStt^^-r^^^ffl^T. ^ otitic £1*3 l,4-«tit©^rS#H<s 

fete j: t) w& < a>&m # & £ ti-c & s s z-Mm izm&>r mm * e o t i ^ & 0 

mmm* (l3Hb^$£I£, 72, 2081, 1969; Plast. Kautsch., 40, 356, 1993; 
Makromol. Chem. Phys., 195, 2623, 199 A N 7tf K U — 

2±m(Di%±mi&mit&W*^f&ftt?ZW.&m%%k (Macromol. Rapid Commun. 16, 
563, 1992; J. Polym. Sci., Par A; Polym. Chem., 32, 1195, 1994; Polymer, 37, 
349, 1996) &£#*[ie>*LTU £o 3 tlt>(DMil%mT*&. fc31iJ£m^>X 1,4 

(cii. ^^D^tcijJts^^ i,4-^cd^«^B<. fro&t^^§#;fr£ 




WO 00/52062 PCT/JP0O/01 188 

2MSilll©B»J©»SBu #fft^:t>fc^#ifc£=;Mb^&fc©#fi^ffl«i 
v > 5 ci h tc «fc t) , a. >m i: tf =. jiib&fo t: £ **S£r * -e-T . 

v > ^ AttS^ttfcSWrC ^ S d t & JEifc Lfco *#&BJ§ti C ft £> ©ft j|£StZ L 
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-rz^cDx&Zo z<z>ft.w<Dt&£ u^ss««c«tn«* ^^o-tymm^v-^ 1 ) 

(^>^7;i/tD7xr ; ll/) hs 1,1* i O-fe h 7 

^±fS2;ai>^m^-t-^»73?jfe ; RV. ±tzm^mmmm®)<D&&TX&'&i;^> 

XT, 5; :7n*§tjg£;fc(*£->X 1,4 mm(D<£m 80 mol%iU±. S?£U<Ji90 
moU X K> L < & 95 mol%l^±. b < li 98 mol%J^±T'& D > 

fr-^ttm-frft Mw/Mn#2.00 1^T.$?£L<«: 1.80 WTxi DJf $ b < 11 1.60 
WTs U<f£ 1.40 «Tx L<(± 1.30 WTT-fe^SA^^ti 

-r * ci i: {3 x r> x mm ? z c t # x # 5 0 

**u-t>mmfew^ 1 ) ^^mtex&z>±tmt'mf$.v>) ; ^^->t* 

— K h^i^^^Arh?^ (Th77WD7i-;i/) T^b — 
h.N,N-f/^^;i/T^iJ Z-7Ar Y^^rT. 7 )\s*U7 — K 
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2. d t tc J: b f# £ d #T- # £ ttl^^il^l^ ft £ o 

dix^o^BjtSD^T, * ^o^ittdij^^,^^ i,4 mmcD^mmt^ so moi% 

W±x S?£ L < fc* 90 mol% fil± % L < 95 mol%W±T*$> •? * fl^M Mn 

# 10,000 L < ii 20,000 &L±. <fc D » * L < (i 50,000 £l±* * 

b < 100,000 W±T-$> *K fHF*ftfi Mw/Mn # 2.50 fiTF* 5f £ L < 2.00 
«Ts L<« 1.80 DTK ftfc:*F3[ L<i± 1.50 WT^fc3ttS£rtfc#S 



—tRjS.il) : R a MX b • L c Xfcfc 
-J&5$(II) : R a MX b QX b 

j\s*\s-j\,&$:7fL ; Xiiikmifc?, ad^>S^ T;HJ=^>h*S. 
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±13— /^(Di^vm:. M&7jk-r$i±m&m£i,x&. mmwmi^cD^m^ 

fcfx ^>^r:«>A x -b'J^A, 7"D^f^A, tfv 

y «i7 a^ jx^nt^A. ySH'J- 1 )^ ^;nf^A, i^Tn^A, 

Z.tlt><D5-£WV £A#*f£bl^o atf2TS2.1^ 2{@©R«i5l— T**>^ 

tl^mU— T* & S& o T V ^X * J: I * o 
Sifts'* n^>*^-;i/2£ % St&i' xi±Ii7;^i/^Hi: 

h y ^;i^> y ^*j&ir©gi3RjH-?*^*-raK'fc*3i8aBa^sw 

RteX©— gBt5v^i^^;i/:/y;i/Ss v^;u^b>^ *3-)V7 

7x-;i/y^D^>^yx-;bS, l,2-v^^;i/iyy > 0^>^> ? ^— 1,3- 
^ ? ^^;i/i/^D^>^> ! x;-;i/a. 1,3-v (tert-v^;!/) y^D^>^yxr^ 
1 , 2, 3- h 'J / f^y ^ n ^ > ^ 1,2,3,4-t 1 h ^/l/*>* 
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3 J. > 7 o ^ > ^ i^^—jvm. l-^>f/;b-2, 3,4, b^* istu^y 
^yxr;i/g, 1-7x^-2,3,4,5-7 h ^ * * *s Z o^>* >?:r.-;u^ l- 

^^^-^(DM^JhLTtt. mtf. 1,2,3- h u^^;u-r >^-ji/S. 

>7-;b*. 1, 2,4,5,6, 7-^*-tf^;i^r >7^;i^&iraw:re>ft 

n-7 -fV^h^>2£, sec-^dri^ tert-7* h ^F-^S&^(OJi«Er«t 

0^71;*^ 2,6-iS**^>?-)U7 2-tert-r^;b-6-'f V 

7ntji/7xyJ[-yS, 2-tert-^;i/-6-^^"^->^-;i'7 2— rvr 

2,6-^-tert-:7*^;i/7x^^>^#£f3; UMo 
;* tert-y h *Sy*^ t:cDflgJ»^^-v— M£ N 7 * J ^yS, 2,6-^-tert- 

7f;W7iy^yg, 2,6-v-f v7Dt:;W7xy drf/^ 2,6-^^^-^ 

2-tert-7^-6-^^^3f-^>r^7 x7 ^ySJ--f V 7D t^;i/-6-?-^-^^-^ 
>f;i/7i7^yS, 2,4,6- h 'M V 7*D 1 7 x 7 yS^ if®7 ij 

ft7-hSO^ftlt^^U^ 2,4,6- h HV7Dt;W7x/iryStf 

S t'&tzZommWiTZ 7i^Jl/7; K*> 2,6-v-tert-7*^;i/7x-;u 

7$ KS. 2,6-y'fV7Dti>7i^l/7^ KS. 2,6-y^^^7f;i/7ix;i/ 
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7 X KS % 2-tert-7'5 L ;U-6— ( V7*n K£fc* 2-tert-^;i/-6- 

^2,4,6-tert-^;i/7i^;i/T5. K*& U — JVT 5. F£-<Dl^-fti7:$>& 

^(D^-rtt-e^ct^^ mfRmttat&m^rWVPS. n^&tmm 1 20©^ 

7Dt;H s n-^;i/S. r;7f;n, sec-r^uSs tert-^?-;^ 

£l>TQ^mi III^TC^^^-r^. S[7C^©m^'JhLTti. *£|SI. 
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^h^^r^ (rh7 7;i/^D/5 L ;i/7i^) K ^ h ^ (h'J^) #U 

h'Jitfe7x-;^^-->A*ft>olWJi:Lt^ h »; 

-j7A*f-^->^t:© h U 7';i/dr;i/7'>^^'7A^^-^->. N,N-^xf;i,7-'Jr 
-7Aft^;t>. N,N-2,4 > 6-^>^^^;bTx:i; - ii7A^^ L 7j->^^(7)N,N-> ? 7';i/ 
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7 > =E — tf A *i ^-Tf- > ta ¥<D V 7 )V *)\,7 > ^ - 1> A ti^ > 5 

^a*^-^-> n hu (/^i/7i-ji/) ^x*^<i7A*^-^->, h »; 

***-<^A£?-;fr>&£:-<D h 7 ') — 

U— K l,l , -i'7f^7iD-bX'7Ar h^^rX h>^7;WD7x-;b) 

^•e^5;H7®hLT, B(C 6 F 5 ) 3 . Al((^F 5 ),fc££ffi^* d*i.*> 

fb-&&J i: S&i^J h it S - h J; o T *t3 & <£> u & c t #T- 

fr$.;*V>Zm^2>Zt&!:%Z 0 ttttlzjs^x, R'li^gU-lO com 

*tTlvCfc«fcV». nlil^g^fxU £?2;L<fci:5U±, «fc t)»$ L < tt 10 W± 
T*fe€>o R'iiLTIt 7"Dt;n s ^v^^^l 

T^^^^A-fb^^LTJi. 0>Jxt£\ h 'J^^^^U^-^A, HJx.^UT' 

h ^f;b7;Kz^Ai: h U ^7;^-<7Afc©fi§ft*®«i: itffl^ 
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Vntmfr&tiitxm^x t> «fc 

**IS©tt«Ha^«Jttx ±ie©E£#(A);&tf(B)£^> ?t»C^(C)tLT^ 

u ^;i/7^p^-^Afc^£m^;iii#T-#£>o £?>{cu j^a>v^*5">a 

^-c^;i/7;P5^»>A^D^-f Kx -tr^^Kc^bTVl^^A^D^-r h\ 3-3- 

y ^^t^ b-r itiiRt * £ £ # prifeT'fe * o -his 

(B) (^E;Uit) £1:1-1: 10000. $?£L<ti 1 : 10—1 : 1000. £e>tZ$?£L< 
tt 1 : 50—1 :500*Il£K-r6e:*:#T#£o #±8&Jgfb^h>f 
t&am&f&mXti:. ffcfr(A) :fi£#(B) (^;Ht) £ 1 : 0.1-1 : 10, L< 
ii 1 : 0.2-1 : 5. L < (i 1 : 0.5-1 : 2 e&fc:-rn««fc £tz. f£ 

(i. 0!l*fcJU 1 : 0.1-1 :1000. L < fct 1 : 0.2-1 : 500, £ ZlZtZZ L<& 1 : 

11 



* 

WO 00/52062 



PCT/JPOO/01188 



0.5-1 : 50*ig-t'&3o 

ft&^tfs M'AKx 1,3-:7*$;:c>, -f77l/>, 1,3-^>*S^> N Z-^)V 
-1,3- 79*Jx.^^ Z,Z-V*1-)\,-7#V^, Z-J.*-;\,^>9i/^>^ 4-^^)V 

l,3-:/#S^>#$?£Ul^o 3tL^>©^ry v— f&ft%Wl:m^T& 2 

;i/-l,3- zr#i?x.>* 2,3-^^^;i/^^^^>. 2-*^;W^>*2^>> 4-*?- 
ji^yfis^y, xtt2,4-^^r-9-^^>^^*^{f^)C:i:* s T-^. cti^oo^ 

1,3-7* >>:n>#£?i;bl> 0 Cl^^^y V-|&#£i£&T*fflV^&ci:V^ 2 
fegfitel^o 0<J/lfcJ. X^b>. p-**\>W* n-^ U p-tert- 

*i&^ 0 ^Ixll 7*>, ^>*>. ^^r-9->, ^7*^>^©iaiPfli^i^<b7k 
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*^©M^&lc;fc(*sm-S-*SJay:. fi&J;tfcf-10()~100 o CcD§BBs S b < 
-50~80°C©^H-e$>i>o M^rU^ti:. 1 #~12 £f £ L . 

jt&^<>» ^ &t&T * c t £ £ o 

X^MO^WMii. 80 mol% W±T*$> tK L < fcfc 90 mol% fei_h. X 0 

#i;U<&95mol%JiLt, £ U < tt 98 mol%W_tT*fe So frf-mtoM 

{3|9UT{±. Mw/Mn # 2.00 WTs $?£L<i± 1.80 «T> <kb*f^U<l± 1.60 
J^T. ^^>{c5f^U<{i 1.40 WTx $3f£$f£L<& 1.30WTffe5 o 

<£mm±. JISI± 80 mol%JM±> b < l± 90 mol% JU±. «f t L < ti 95 mol% 
IU±T*&!K fl-^SMn «: 10,000 JU±. £f £ L < li 20,000 W_t, <fc >? £F i; L < fci: 
50,000W±. ^t^SKIi 100,000 J^_t-£<fctK Mw/Mn (i 2.50 

Ts »$U<tt 2.00 WT> <tD$¥Sb<H: 1.80 WT> ^l:$fib<li 1.50 J-X. 

r ? > v a j±si^rt- & s o 
MBoM^tttt, si^w^tt (s^^tt^i) ism *)&&m. 
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nmm*<D* i )7'?i;^>(D*!?nffimi±, ! h nmr &=ttf |3 c nmr izx^n^ 

tlfef-^t'H NMR: 6 4.8-5.0 (l,2-£-;wi.- * h©=CH 2 k 5.2-5.8 (1,4-^- 
-y h©-CH=i: l,2-t:^;i/JL->y h©-CH=h ,3 C NMR: <5 27.4 (1,4-^^J-^^ 
hh 32.7 (1,4- h 7 y hh 127.7-131.8 (1,4-^--^ hh 113.8-114.8 

£ 143.3-144.7 (1,2- t-;u^L-u/ h )]O^Jt^?>^mLx X^-VXD^mm 
fct'H NMR t «fc D^e>tlfct:-^[<5 4.8-5.0 (^^x>©U-t-;i/ary h 
©=CH 2 ), 5 5.2-5.8 (^^^i>OD l,4-t^;U^->y hi: \,Z-\Z-)V3.-v h 
©-CH=). 6.3-7.3 >3L=zy h ©tWS)] ©«#«:*> £>gm Ufco 

lif^^i (Mv). (Mn). fl-^PM^ (Mw/Mn) ti, GPC 

mi 

A[(Cp') 2 Sm(THF) 2 ](Cp*: ;* ^Vl/*/ * D^>*>?:c-;HS(£^)£ 0.01 mmol 

ft5&<^ h;b^> 6ml tzjgJBUfco ^V>T% MMA0 (^V— • Vtti blfi^^ 
*LT^£ h;i/JL>nf^t4T;b^ 7 ^-9">)* Al/Sm=200 7G5?tl:tfc&& iotc^sn 

b-c^h^^fmufco ^e©&. ^d — ^ h;i/£S*t>£iiU 1,3- 

7*^:n>£ 1.5 gtbii^ 50°C-T-5 73f e 3m-&£*Tofco 10 wt%© BHT 

C2,6-t^(tert-7'^;b)-4-^7 e -;i/7 my — £^tr>< * y — M0 ml £iax 

60°C-eK^^Lfeo ^£ftfcm^<fc©iK4M±65 vt%T-fco£o lr£<fc© 
^ * n«Bl± v T^Mtf 98.8 mol%T & t) . ffcTO^Mfci: 401 , 000,Mw/Mn fcfc 1 . 82 
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#12 

^A[(Cp*) 2 SmMe(THF)]£ 0.01 mmol ttii*K 6 ml fcljgf&Lfco 

MMAO £ Al/Sm=200 TC^Jtt^^iatlJDUt^b^^fTtUfco ^<D&> ^ 
D — Z-Xfr^ifs 1,3-7? 1.5 gtt&fr. 50°CT* 

15 ^Rgm-^^tfo fc„ 10wt%© BHT £^tf ^ * J —fr 10ml *iax.TSli& 

£f¥± £ C^iO^ * y -;i//ite^^T-S^<fc£#giLT 60°CT*!C 

X<£M& 98.0mol%T*$>'K gfc^T^Mfct 1,260,000. Mw/Mn & 1.69T*&ofco 

^#H^,T©^D-r^y bfc 30 mlWJE#^**h 

A[(Cp*) 2 Sm<THF) 2 ]£ 0.01 mmol fti£*K h;Wn> 6 ml CgSLf;, o^T* h U 
-Y V7*?;i/7;i/5 — 1> A 0.1 mmol. h"j7x-;b^l/^i7Ar h7^7 
^7MD7x^) #U-b (Ph 3 CB(C 6 F 5 ) 4 ) 0.01 mmol ^gsfln Lt^ h;u£ff 
&Lfco ^D-^^y^X^?,^ b;i,£StDmU 1,3-7* vi>^ 1.5 

gtt&^ 50'CT- lO^S^^ff^feo 10wt%<Z>BHT *<§ts**y-Jl 

10 ml ^jUDX.TS/S*^±b. ^^tC^MtD^^y-^/^^^T'S^ 

^<$c?) ^ ? n*gj£tt^;^S# 95.0 mol%T"$> t> . ^¥^7>^Mtt 263,000, Mw/Mn 
t± 1.34T-$>^feo 

#J4 
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ttvy «>A[(Cp*) t Sm(^-Me) 2 AlMe 2 ]^ 0.01 mmol tti&o^ h;i/ai>6 ml 
tz^MUfco o^T- h 'J V ^l/T^ ^ - A 0.03 moK fU7x-;i/*;i/ 
tK- t> h^^r^ K>^7JWD7i-^)t;i/- h (PhjCB(C 6 F 5 ) 4 ) 0.01 mmol 

l,3-^^ai>* 1.5 gttii^ 50°CT- 5 #raS-&*frofco 10wt%© 
BHT &<£ts**;— K 10 ml &An*TSJ&*ftMtU cF £> H;*:!!©;* ^ J —))// 

94 wt%T-feofco £^f*:©S*ntt$ifcfcJ/*#S# 90.0 molXT?*»K 
^fitt 429,500. Mw/MnH: 1.56 Tfcofco 

00 5 

Ii#E^T©^o- TMW***"^ +#fc:S£«L;fc30 ml i!6*JE # v h 

'J >> A[(Cp') 2 Sm( >u-Me) 2 AlMe 2 3(Cp* : ^;i^>^ d^>* 

— ^Effi-?)* 0.03 mmol ft&SK 1 ml tdjgPbfco OUT*, h U -f V 

y^-)VTJVK— *7h< 0.09 mmol > h U 7i^*;i/#-^Ar h^^^. (^># 
7;btD7iz;b) Ttfix— h(Ph 3 CB(C 6 F 5 ) 4 )0.03 mmol «8UlDbT^ h;U£*T&b 
fco^©&. ^p— T'stfy h;i/&m&mu l,3-:7*yjL>£ 0.97g. 

1.4 mlttji^. 50°CT* 30^-PM^^tf ofco 10 wt%© BHT 

C2,6-¥X(tert-73-)l)-4-*3 L )\'7 ^S— JlO Z^tS**;— ^ 10 ml SrflDX. 

60°C-£g^!&*gLfco m^titzM^i$-(DlUm\tZ\ vt%X$>-otz<> 
©^^lx>##^tt 4.6mol%-C£>tK 7#i}3L^3L=- v h© S * ojpfjt&^x^ 
M#94.6 moire&D. j&W^Mti 101,000. Mw/Mn l± 1.41 T'fco tzo 

1,3-7? 0.81 g. 1.7 ml ttii<^ 50°CT- 1 B$IM^£fT 
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b(D^?nMMtei'X<Sm& 95.1 moire&*K &¥£tfHPMfct 78,600. Mw/Mn 
1.59t:feofco 

l,Z-7# 0.65 g. ;^U>£2.0 ml tt&^> 50°CT 6 BSIHS'&SfT 

ozxm±. tmm^m-^m^^ntzo ^^nfcm-^{*oiR^<i20wt%T- 

feofco I^ff©7fl/>^$li 11.4 mol%T-&D, •79i?x.>JL=. 

v hO=:^D^{i^^^M7bS91.7mol%T-feD. 73,900. Mw/Mn 

l± 1.69T?3*ofc 0 

09 8 

0.49 g, X-?-U>£2.4iiltt&^ 50'C-e 12 B^M-^fr 

&o£ 0 m&fctp(DX3-\s>'amm± 19.1 mol%T-fctK ^^i/*ac>zL- 

y h©^*DfllMttS/;*^«#87.4ffloirc&?K »¥*&^dF*tt 38,700, Mw/Mn 
i± 1.75 T-fe-^ fee 

0d 9 

1,3-^^ yoi>^ 0.32 g, X^lx><& 2.8 ml 50°CT- 50 ^P^M-^^ff 

feofe„ ^fc, m^^(o^v^^mm± 33.2 moi%x$> 

>y h©* ?O«jgttS';*^m#80.3mol%T-&*K ^iS^H^Mfct 23,400, Mw/Mn 
t± 2.23 T-afeofco 0d 5fr£099 lcoi^T©*S3l£T§3©3i 1 £^-To 
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If & (D IS H 

(B )#EflM4 7 - * > a * ai- > i: & S >C ^te-fb^-tJ&tf/xa: * j 
x* v ai > * m^r & c J: tc x d » £ c t #t- § * S^i^o 

Mw/Mn # 2.00 WTT-&*Sf;fc<Z>*Sfflff! 7 JSfc:fB^©M^o 

9. itnmmtz&vzisx i, A-mmcD^mm.^ so uoixw±-c<feD. ^^i^- 

# Mw/Mn#2.00WT-C-fe?>fttSv^>S^o 
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<A)#±JS^<b^©**D-lr>gg&tt. M 

12. ^ >t4Yb^5* 5 h ^i^/^r^Ar b^*X (^>^7;i/^"D 

1 6. M^©$bH^ lOJg&^Lgl lSJlcD^-rn^UKcfS^cDM^m^O^ 
£T ^ 1. > £ V-Mt&Vn £ ^ftl^t £ d tc d: D £ 3 i: #T* 

1 7. S^DHHgfciisW-SS';* l,4-flli£©^f§#80 w>im±-e<&!K fl^M 

Mw/Mn # 2.00 ttTT^Sl*©®!^ 16 EtiBttOftfi^ffco 
18. &'&i;^>£%Wm\f-Mb&to£<D?>Pl±&m&&^&-yX, 
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